UNCLASSIFIED 


AD  NUMBER 

AD008828 

LIMITATION  CHANGES 
TO: 

Approved  for  public  release;  distribution  is 
unlimited. 


FROM: 

Distribution  authorized  to  DoD  only;  Test  and 
Evaluation;  14  JUL  1952.  Other  requests  shall 
be  referred  to  Office  of  Naval  Research^ 
Arlington,  VA  22203.  Pre-dates  formal  DoD 
distribution  statements.  Treat  as  DoD  only. 


AUTHORITY 

ONR  Itr  dtd  26  Oct  1977 


THIS  PAGE  IS  UNCLASSIFIED 


UNCLASSIFIED 


DEFEKSE  DOCUMENTATION  CENTER 

FOR 

SCIENTIFIC  AND  TECHNICAL  INFORMATION 


CAMEROM  STATION  UEXANDRIA.  VIRGINIA 


RAPED  AT  3 ’'®AR  INTERVALS: 
DECLASSIFIED  AFTER  12  IFJARS 
DOD  DIR  5200  10 


UNCLASSIFIED 


THIS  REPORT  HAS  BEEN  DECLASSIFIED 
AND  CLEARED  FOR  PUBLIC  RELEASE. 


DISTRIBUTION  A 
APPROVED  FOR  PUBLIC  RELEASE; 
DISTRIBUTION  UNLIMITED. 


Office  of  Naval  Research 
Contract  No.  N8onr-6080?. 

RESEARCH  ON 

MILLIMETER  WAVE  BOLCMETERS 

Final  Report 
12/15/50  to  7/14/52 


IBaird  <sAssociateSj  Inc. 


Cambridge  >Mcs:ackusetts 


Our  0.  6069 


- 1 - 


Office  of  Na-viLl  Beeearoh 


Contract  Ho*  K8onr-60602 


RESE^tCR  OH  H1LLHIEIER  WA7B  BOLOUEIERS 


FISAL  REPORT 
Cowring  the  Period 
Deoeaber  X5*  i960 
to 

July  14,  1952 


by 

B*  Berr 

aj3d 

L.  Iforte 


Subadtted  in  siooordaneo 
with  tiw  torzns  of  the 
oontraot  cotod  abow* 


Bruoe  B.  Billlnga  3T” 
Director  of  Researoh 


Baird  Assooiatea,  Ino* 
55  Ikilwralty  ^ad 
Caobrldge,  Masaaohuaetta 


Baird  Assooiataa,  Ino 


- 2 - 


TABLS  OP  CON!IEi^ 


PAGE 


I.  INTRODOOTIGH 4 

II.  DK\ELOBraiT  OF  THE  SSMSIII^  ELSMBNT 

a::d  the  suppoRnso  substrate ii 

III.  oencn  op  the  boloueter  bousing  aijd  tis 

DEVELOniENT  OP  SUITABLE  1£ABS  OP 
PAERICAnUO  AND  ANCBKilHG  TBE 

SSfSIZINB  ELEUEHT IT 

IV.  TESTING  APFARAIIB  AND  liETBODS  INCLISINa  RESIE.TS  ...  24 

V.  CO>.GLIfiIOH SO 

APFENOIZ  I Si 


APFSNDIX  II 


38 


5«ird  A*soelat«s,  Ino 


- 5 - 

ABSTRACT 

This  report  diseuaaos  in  datail  the  findings  of  an  iz>> 
wstigation  foouBsd  on  tba  dsselopasnt  of  bolonsters  designed  to 
fuDotion  as  praotioal  dataetors  for  radiation  batvwen  200  and 
1000  aiorons  in  mvelangth.  For  tha  purpose  of  orderly  pressn" 
tation*  tha  report  is  divided  into  saaaral  parts  as  follons. 

!•  Introduoti.on  '•  Itets  and  reflsot^ons  leading  to  tha  course 
of  daaelopnent  taken. 

II.  Dev3loiaant  of  tha  sensitive  aleraent  and  supporting  sul>> 
strata} 

III.  Daeign  of  tha  boloostar  hoiising  and  aouat  and  t)«  develop- 
nant  of  suitable  osana  of  flabri eating  end  anchoring  the 
saneitiva  alonont. 

17.  TVs  ting  apparatus  and  aothods  including  results. 

7.  Conclusion. 

Appsudiz  I.  ''Uathtuuatioal  daduotion  of  tha  absorptioa  of  a 
material  of  resistance  189  ohms  par  sqiuura. 

. Fvndanantal  )?oloaater  theory: 


Appendix  II 
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ic  miaoDccnoK 

Fdr  tha  naauuraoent  of  lo«  Izitensity  infrarad  radiation, 
ousTontly  atrailable  dateotion  daaioaa  rely  on  the  thermal  heating 
produeed  by  that  portion  of  tha  inoidant  radiation  absorbed.  Thara 
existed  a oonoantration  of  affbrt  during  tha  1940*  a on  the  doTolop- 
aant  of  theta  darioaa  and  from  tha  daeelopoant  tliora  amergad  four 
types  of  dateotora  that  hsta  reached  a hi^  atata  of  perfeotion 
and  hate  the  test  of  reliability  in  oosuaareial  usage.  These  arei 

1.  High  inpedanoa  boloiaetars  of  tMoh  the  Bell 
Laboratory  theindator  boloowtar  is  a typioal 
rapresantatio&. 

2.  Fast  thomooouplas  sueh  as  tbs  Smarts  thermo- 

% 

oov^la. 

5.  The  Oolay  oell. 

4.^  Low  inpedanoa  boloznstars  suoh  as  the  Baird 
Assoolatas  platinvn  alaaent  bolometer. 

In  the  ocursa  of  deaeloposnt  of  these  dataotore  lui  adequate  means 
of  absorbing  the  inoidant  radiation  was  oonstantly  pureued.  lYith 
the  azoaptloD  of  tha  thanaistor  bolometer*  it  was  neoessary  to  in- 
eorporate  in  the  ds'fioes  a medlus  to  fuaetion  as  a radiation  absorber. 
This  procedure  itqMsed  an  additional  problem  of  alootrioal  stability 

* Tha  thermistor  bolomstsrs  ware  found  to  absorb  about  50^  of  the 
inoident  radiation  without  iqpplylng  an  absorbing  layer 
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and  also  added  naas  to  the  senslti'eB  eleoente,  thereby  causing 
iuoreaaed  time  of  response* 

The  nethods  used  by  nost  ezperiii»ntali9ts  followed 
directly  from  the  work  of  Pfuod^  idio  evaporated  metal  from  a 
hot  wire  plaosd  mdar  a Bell  Jar  maintained  at  reduoed  atznos- 
pherio  pressure*  The  "soot"  thus  formed  vias  alloTted  to  depo.ilt 
on  a sititably  placed  eleusnt*  In  pursuing  this  technique  many 
different  metals  and  parameter  variations  were  tried  vdth  each 
laboratory  developing  its  own  artful  proosdure*  However*  there 
emerged  from  the  aooumulated  mass  of  empirloal  inl'onaation  an 
important  faet  regarding  the  ohoioe  of  metal*  The  high  eonduo* 
tlvity  metals  produoe  the  better  blacks*  better  in  that  they 
yield  greater  abeorption  per  unit  mass  and  greater  stability* 

A eomprehensive  study  of  gold  blaoks  was  made  by  Eexris*  et  al^ 
during  Td'doh  muoh  of  the  art  of  apjAloation  wee  removed  and  the 
oharaotar  of  the  deposits  studied  vdth  the  aid  of  an  electron 
sdorosoopt:  axid  infrared  speotrometers*  His  most  reoent  ortiole 
reports  absorption  data  out  to  At  this  long  wavulongth 

the  value  of  the  absorption  is  of  the  order  of  60^,  an  encouraging 
resxilt*  (This  work  was  unknown  to  us  before  the  publioatioa 
appeared* ) 


^ Pfund*  A*  B* * «I * Op*  800*  Am**  P*  121  (198d) 

^ Harris*  S**  and  Colby*  H*  T**  J*  Op*  Soo*  Am**  7^  p*  217  (1984) 


_J_ 

-J._ 
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Soaaral  years  ajso  Oolay  desl{,z>sd  his  doteotors  idiieh 
used  in  plaoa  of  an  absorbing  layar  suoh  as  deaori.bed  above,  a 
sa'tallio  layer  mftoaa  reeiatanoa  naa  approximately  189  oh&s/aquare* 
Fbr  any  cntal  made  in  auoh  a tldokness  as  to  meet  thia  rsaiatanoa 
Talus  the  abaorptioo  idll  be  60^,  the  reflaotion  28^,  and  the 
tranandasion  285{®.  This  reault  may  be  obtained  roathei&atioally 
by  solving  Haxaell*  a equationa^  or  by  the  is^danoe  natohing  oon- 
eepta  used  in  transmiasian  line  theory*  (The  oatheaatioal  treats 
aent  ia  iooluded  in  this  report  under  Appendix  I*) 

The  most  inportant  featiire  of  thia  result  is  that  the 
absorption  is  independent  of  vavalength  just  aa  long  os  the  re~ 
siatanoe  is  independent  of  the  frequaz»y  oorresponding  to  that 
mavalezigth*  For  most  nstala  this  means  that  the  abeorption  mill 
bo  uniform  and  independent  of  wavelength  for  those  wavelengths 
longer  than  about  l^M-*  To  those  vbo  have  worked  with  the  natal 
blacks  the  above  mstbod  of  achieving  absorption  elindnatea  much 
oonoerxi,  but  to  utilisa  this  nsthod  extremely  tfain  metal  layers 
must  be  formed*  In  our  viev^  this  could  best  be  done  by  deposition 
of  the  metal  laysr  in  hi^  vacuus* 

ffe  were  satisfied  in  our  sdnds  that  the  sensitivity 
expected  from  bolometers  made  by  using  high  vaouisn  techniques  would 
iw>t  eompore  too  favorably  xdth  the  Oolay  oell*  However*  the  Oolay 
oell*  on  ooeouit  of  its  many  parts*  oooqpies  oonsldsrably  more 


^"w*  Waltersdorf f * Z.  Fhysik*  p*  2S0  (19!4) 

^ Bariley  and  Dennison*  J*  Op*  8oe*  Asu*  ^ (1947) 
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spaa*  at  a oruoial  point  than  doss  a bolooater*  Than  too,  Oolay 
oalls  are  not  too  satielaotory  afasn  subjeoted  to  a vibration  field 
suoh  as  erdsta  in  planes  or  portabls  equipoent*  It  might  be 
pointed  out  that  boloiasters  ax«  not  ito&uaed  to  noehonioal  vlbara- 
tion  either,  but  they  oan  be  made  surprisingly  rigid. 

Iboii^  Mre  oonvinoed  that  bolometarB  ii&ring  a largs 
range  of  resistanoes  and  shapes  but  oharaoterised  by  tlie  189  ohm 
per  squQure  requirsDsnt  could  be  made  by  evaporatioD,  ee  were  aaar* 
of  the  limitations  and  teohnioal  pitfalls  as  well  as  the  advantages 
of  ths  method.  It  might  be  inatruotive  to  list  sons  of  the  more 
obvious  disadvantages  and  advantages.  Consldsrlnr  first  the  dis> 
advantages,  ws  havet 

1.  Thin  zaetal  fllne  formed  by  high  vacuum  deposition  exhibit 
eleotriocl  and  optioal  oharaoteristies  considerably  different  from 
those  of  ths  bxilk  metal.  In  general,  the  resisti'^nty  is  higher  and 
the  ooeffioient  of  thermal  reeistanoo  lower.  To  epeoifio  and 
basing  JuAgeiaent  on  previous  ezperienoe,  natal  films  100  or  200  % 
thick  havo  resistivities  rrom  3 to  10  times  hi^ur  than  bulk  values. 
The  difference  dapende  on  the  metal  mder  investigation  and  also  on 
a»  spud  vdth  whioh  the  metal  is  deposited.  Those  metals  olaesed 
as  poor  oondustors  exhibit  the  greatest  departure'  fror.  bulk  metal 
oonetants  and  have  negative  tbeioal  rssistanoe  c«»efficients.  Ths 
absolute  vain*  of  these  zagative  ooefflolents  iixoreases  with 
deoreasing  thiokneeses.  This  peculiarity  oan  tmed  to  advantage. 
Greater  departure  is  also  observed  for  metal  /.*ilias  deposited  slowly 
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than  for  thoaa  depoaitod  rapidly.  Easa^  reportod  that  ha  had 
suoooodod  in  dapositing  200  % thlolc  xdnLel  that  had  bulk  metal 
oharaoteristioa  by  affboting  the  depoaition  aery  rapidly. 

2.  The  ohoioe  of  metala  ia  neeeaaarily  raatrioted  by  the 
189  oht/aquare  raquireaent  to  thoae  olaaaod  aa  poor  oonduetora. 

Good  oonduetora  auoh  aa  gold  or  eaen  niokel  eould  hava  to  be 
made  aa  ttdn  aa  a fee  aogatraaa  to  meet  thia  requirement.  Uetal 
fllaa  of  thia  tMokneaa  are  not  atable  ouxrent  oonduetora  and 
aleotrloal  noiae  would  be  eroesaiae.  Thua,  gold  and  nickel, 
both  raatale  used  with  auooeaa  during  the  ear,  nuat  bo  elimlDated. 

S.  A Bdnor  diaadrantaga  but  oz»  perhapa  worthy  of  mention  ooneema 
bolox&ster  apeolfieation.  Sinoe  tha  aenaitiae  element  thiokxieaa  la 
fixed  by  the  189  ohe/aquare  requiraaent,  it  ia  possible  to  spooify 
either  bclomater  reaiatanoe  or  tha  length  to  width  ratio  but  sot 
both  arbitrarily.  The  interdepondenoo  of  the  reeistanoa  and 
length  to  width  ratio  ia 

L/tt  « r/189 

where  B ia  the  raaietanoe  in  ohna  and  L and  li  are  ths  bolometer 
length  and  width  in  tha  aame  uiita. 

Verbal  Cooeaunioation  from  Dr.  George  Base  of  the  Amy  Enginaering 
Laboratory  at  Fbrt  Balwoir. 
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Nex-t  let  U8  oocsldar  the  adimntages. 

1*  From  the  abo^  equation  ne  aee  that  for  bolometere  of  prae- 
tioal  alee  the  reaiatanoes  will  be  of  the  order  of  200  to  1000 
ohBto*  Thla  range  of  resistanoe  offers  ad'vantagss  o'ver  both  'Uie 
low  resistanoe  nstal  and  high  resistanoe  thensistor  boloisetera. 

Like  the  low  resietanoe  bolmaster,  eleotrostatio  piokup  from 
those  189  ohV'sqhare  boloneters  should  Z!ot  be  troublesome  os  is 
apt  to  bG  tbs  ease  for  thermistor  bolooeters  whioh  nxxat  use  hi^ 
eoltage  to  pash  the  ourrent  through  the  sensiti've  elei»nt.  VOiile 
the  low  impedanoe  bolooieters  dezoand  extreme  oare  in  eleotronio 
oireuitr}'  beoause  of  tbs  neoessity  of  laalntal&ing  -very  low  noise 
le-vels  ocrrospondlng  to  tbs  tbenaal  noise  lewel  of  the  bolometer, 
the  requlreiaezxt  here  will  be  less  stringent*  Hoise  levels  of 
the  order  of  10*^  volts  for  a two  oyole  beuadwidth  w5.11  bo  tolerable 
for  bolor.eters  of  ths  order  of  1000  ohms  resistazioe*  Then  too, 
the  tramformers  xaseessary  to  introduoe  the  signal  into  the  first 
stage  of  -the  amplifier  need  not  be  so  massive  beoauno  the  required 
turns  ratio  to  raise  the  impedanoe  of  the  bolometer  to  that  of  ths 
first  tube  is  inversely  proportional  to  the  bolometer  resistanoe* 

It  would  appear  that  from  these  observations  that  the  1S9  ohev^squars 
boloosters  might  be  used  with  oommereially  available  omplifl cation 
eqidpaent* 

2*  The  possibility  of  making  unsvqpported  sensitive  elements  from 
germanium  or  telluriun  is  worthy  of  ez^oratian*  Tbs  evaporation 
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prooesE  is  idaol  fbr  this  purpose  axid  perhaps  sleoents  made  from 
oae  of  thesa  materials  «ill  be  tMok  enough  to  exhibit  bulk  metal 
oharaoterletios*  In  passing  it  might  be  nail  to  point  out  that 
all  praotioal  shapes  and  si  sea  oan  be  aohiaacd  by  af  looting  the 
daposition  through  appropriate  masks. 

8.  These  bolomstars,  ozioa  produsad,  oou].d  be  installed  In  portable 
equipBMnt  and  snbjaotad  to  rather  saaere  vibration  without  suffering 
physioal  damage.  It  is  believed  that  these  units  oould  be  made  as 
Aree  of  vltsration  dlffloulties  and  the  oonventlonal  low  is^danea 
ostal  uiits  with  the  advxustcgs  of  being  useful  ibr  any  wavelength 
above  10pL« 

The  next  saotion  disousses  the  davelopnent  of  the  sansi« 
tive  ele-nent  starting  with  the  experlnental  attempts  to  produce 
iBbeoksd  elements  of  geisianiua  and  telluriua  and  ending  with  the 
development  of  a sxd table  substrate  for  bismuth  elenents. 
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II « DEmOBtSHT 

91 

ras  SEMsmvs  element  ahd  T?gi  supporoisg  substrate. 

In  rnsnuTaotuzlng  bolameters  viith  particular  impedacoe 
eharaoteriatios,  a ohoioe  of  resiataxioe  material  to  be  made  ^ 
that  'ssould  satisfy  certain  stability  requirements  vdthout  saori- 
fioing  performance.  The  impedance  desired  herf).  189  ohms/square. 
suggested  two  approaches  in  element  manufeoture.  Ohe  approach 
was  that  of  self  supporting  elements  made  from  one  of  the  metals 
exhibiting  high  resistivity  such  as  telluriun  or  gemaniun;  the 
other  was  that  of  using  a metal  of  lew  resistivity  deposited  on 
a thin  supporting  film.  The  first  of  thtese  methods  was  oensidsrsd 
the  more  inviting  sines  it  woid.d  pezmit  the  direct  manufacture  of 
elements  without-  purs  vXsG  Ox  iiiSZC^Sg  cu4(i  GOSv3Sdj. Sg 
the  qiMstionable  s'bability  of  thin  organic  supporting  films. 

PrevioviB  experience  in  making  msupported  metal  films 
by  VOCUU3  distillation  served  notice  that  any  film  thus  fozmsd 
and  having  tolerable  meohaMeal  stability  woiald  have  to  be  at 
least  1000  S thick.  Two  oondltions  were  thus  imposed;  ono.  that 
the  impedance  of  the  element-  be  189  otas/equare  and  the  other 
that  the  element  thlokuess  be  1000  %•  Kiese  oondltions  limited 
the  choice  of  metals  to  tnoi  germaniua  and  telluriun.  Relatively 
thin  layers  of  telluriun  proved  obemioally  unstable  after  remo:«al 
from  the  vacuus  ehoaber  in  which  they  were  made.  Most  probably 
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03ddaticn  caused  the  resistance  rise  that  oontimisd  for  several 
days*  Ucually  after  cue  day  ths  z^eistanoe  values  Tvere  so  large 
t!;at  it  could  not  ho  evaluated  using  conventional  laboratory 
ohmceterc*  Th?.  suggastion  viss  mdo  that  a film  of  Te  of  proper 
thickfjess  could  be  deposited  and  subsequent  protective  oxide 
allow9d  '<x)  fbm  so  that  ths  final  resistance  would  be  approx!- 
mately  18^  ohms/square*  The  suggestion  was  never  carried  out 
fearing  ■‘'Ja&t  inability  to  reproduce  results  would  bluit  t]^  at» 
tempt*  Instead,  considerable  effort  was  placed  on  the  deposition 
of  germaniua,  and  here  the  problem  was  not  one  of  ohsmical  stabj.lity 
but  rather  one  involving  a satisfactory  means  of  evaporation* 
Tungsten  helloes  made  from  0.040"  diameter  wire  were  first  used 
as  evaporation  souroes*  Small  ohuoks  of  Ge  were  placed  inside  of 
the  helix.  Ths  Ge  oould  be  melted  without  difficulty  but  the 
apparent  high  oonduotivity  of  molten  6e  shorted  the  hnlix  so  that 
on^i.y  very  thin  layers  oould  be  deposited  without  burning  out  the 
filament.  Tantalum  and  molybdenua  boats  ware  tried  and  pmved 
scisswhat  more  successful  * However,  the  Ge  attackred  these  materials 
ozid  thus  caused  filament  Adlura  as  before*  Kext,  two  0.060** 
diameter  tmgsten  vdres  d”'  in  length  were  attached  to  rigid  fila- 
ment supports  with  a spacing  between  the  wires  of  approximately 
l/l6  near  the  csxrter  and  Increasing  to  I/2"  at  the  support  posts* 
Small  ohunka  of  Gc  were  placed  in  ths  shannsl  formed  by  the  wires* 

By  applying  auffieient  power  to  this  pcurallel  wire  filcment  tl^ 

Qe  was  melted  and.  flowed  along  the  ohannel  toward  the  cooler  ends 
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of  the  ff.lsjs)eat*  Ths  flow  ceased  at  a point  where  the  surface 
tensional  foroes  could  no  lonmr  sustain  the  wei^.t  of  the  metal. 

Tha  length  of  filament  oovored  by  the  znolten  laetal  was  about  !”• 
Using  this  type  of  :filament  with  rigid  supports  caused  the  fila- 
ment to  bend  out  of  shape  and  repeated  use  of  the  same  filesjsnt 
was  not  possible  without  reshaping  the  wires.  A more  reliable 
source  was  thsn  made  using  thidc  Ta  from  which  boats  were  fashioned- 
This  Ta  stork  was  O.Olo’’.  Boats  sade  from  this  stork  were  used  for 
as  many  as  ten  separate  evaporations  before  they  were  burned  out. 

In  the  course  of  developing  improved  means  of  evaporating 
Oe,  films  of  the  latter  were  deposited  on  suitable  surfaces.  For 
the  most  port  sodiua  fluoride  was  first  deposited  by  evaporatioii 
onto  a clean  ^ass  blank.  The  optical  thickness  of  this  layer  was 
approximately  I/2  wave  for  the  middle  of  '^d.sible  speotma. 
Following  the  Qe  deposition  the  blank  was  slowly  lowered  into 
water  vdth  the  Ge  side  up.  Care  was  taken  to  lov^r  the  black 
until  tha  surlhoe  was  sllg^ly  below  the  water  level.  Surface, 
tension  prevented  the  water  from  nrsrdng  over  tiw  metal.  Then, 
a small  amomt  of  the  Ge  film  was  soratohed  away  with  forceps  to 
pexmit  the  water  to  touch  the  fluoride.  Upon  dissolving,  the 
fluoride  lowered  the  surface  tension  of  the  water,  thus  inviting 
the  latter  to  oreep  under  and  lift  the  Ge  film..  In  spite  of  these 
jrelatively  -weak  forces  the  Ge  films  invariable  split  apart  so  timt 
no  predeterained  sise  oould  be  obtained  even  on  the  suzd’aoe  of  the 
water.  For  films  much  thicker  titan  those  having  resistances  of 
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183  gIsis  per  square  the  splittixig  action  still  persisted*  Con- 
sequently^  fiarther  extension  of  this  m>rk  did  not  appear  ^se* 
Instead,  attention  ms  given  to  the  fabrication  of  supported 
bolonsster  alenents. 

In  any  dsvslopaant  involving  thin  supports  for  bolo- 
meter elements,  prime  consideration  must  be  given  to  the  heat 
capacity  of  the  (mpport*  This  involves  teohniques  to  enable 
one  to  make  vary  thin  and  also  very  tou^  filne*  Orgeuio  films 
are  currently  used  in  most  laboratories  as  delicate  supports;  of 
the  vario'os  organlo  materials  possible  nitrocellulose  is  one  of 
the  best  as  to  toughness,  stability  and  reproducibility*  nitro- 
cellulose ms  used  throughout  our  v^ork*  It  must  be  stated  in 
advance  of  dseoriptien  that  organio  film  making  is  still  an  sure 
nwrt  fool  proof  procedures  oannot  as  yet  be  stated*  The  method 
i2sed  in  this  laboratory  is  discussed  immediately  belot?* 

The  nitrocellulose  solution  fomd  most  satisfactory 
ms  made  using 

20  Ivc*  'Wet,  500  seo*  Nitrooellvlose 
500  CO*  Ethyl  Acetate 
75  CO*  Amyl  Acetate 
75  80*  Acetone 

IhlB  solution  ms  mixed  mil  and  filtered  throu^  glass  mol  and 
tihsn  allomd  to  age  for  several  days  before  using*  Films  mads 
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with  aged  soltrblon  are  tougher  than  those  made  using  fresh  sol'ztioc* 
In  using  the  600  seo*  nitrooelliuosa  the  •vtiriable  *’wst"  is 

apparently  indeteminate.  m first  used  8ol^xtlon  made  from  this 
formula  but  vMoh  vm  liad  on  hand  from  previous  v.orks  Later  attempts 
to  retx'oduoe  this  solution  loet  vi.th  varying  degrees  of  suoeess  and 
a plausible  explanation  is  that  the  isotness  of  the  various  samples 
of  nitrocellulose  was  not  the  Sbr.ie  'in  the  several  oe^es.  T/e  did 
not  pursue  the  problem  hut  worked  with  the  best  fie  oould  produoe* 

In  preparing  to  make  films  a large  basin  was  filled  Tilth 
tap  water  that  had  been  naming  for  sometime,  thus  oleani.ng  the 
pipe  of  some  foreign  material  and  getting  water  at  its  lowest  tem- 
perature without  the  addition  of  a means  of  oooling>  A small  amount 
of  solution  was  then  drawn  into  a medicine  dropper  and  just  parlor  to 
dropping  the  solution  on  the  water  the  surface  of  the  latter  'svas 
oleansd  by  gesitly  dragging  a paper  towel  over  the  surface.  The 
solution  was  than  dropped  ezid  allowed  to  spread.  The  basin  was 
large  enough  to  permit  the  solution  to  spread  out  without  obstruo- 
tdon.  The  film  thus  formed  vas  picked  up  by  inserting  a 4”  square 
metal  frrime  under  the  water  and  raising  the  plane  of  this  frame 
vertioally.  The  raised  film  thus  ooverod  each  side  of  the  frcmte 
forming  a double  film.  The  color  1^  reAeotad  light  of  these 
double  films  was  usually  pale  yellcw  indicating  a qufirter  rave 
opbioal  thickness.  Assimiing  that  the  wavelength  of  this  color 
to  be,  in  rotnd  figures,  6000  S.  and  the  index  of  refleotioa  to 
be  1.5,  the  actual  thiokness  of  these  films  vjerc)  1000  S..  The 
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variation  in  color  aofoas  the  4"  frane  indioated  only  a fow  hmdrod 
angstroQS  mriation  in  thloknees*  Usually  a section  an  inch  or  so 
in  diamsts?  oould  be  found  exhibiting  tlie  proper  oolor  and  unifor* 
sdty  fbr  isomtiag  purposes*  The  day  to  day  diffioulty  in  i&a3d.ug 
these  films  was  not  so  muoh  a matter  of  aohieving  a gi'ven  thiok- 
nesn  but  rather  one  of  getting  films  vdth  the  same  degree  of 
toughness  and  «u.th  no  pinholes,  l&idoubtadly  the  oontrol  of  hunidityc 
P.H.  and  temperature  of  the  mter  vroiald  make  the  process  more 
eeientifio.  ^Riese  controls  -mere  not  initiated  for  lack:  of  time. 

The  iiext  section  discusses  the  design  of  the  bolometer 
Qou^t  and  the  fabrioation  of  tlie  scnsiti've  element. 
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III«  CesIGM  OF  THE  B0IX»iETE»  HOIBIHQ 
AHD 

THB  DE75L0HEHT  OF  SUITASLE  ^EAKS  OF 
FABBIOAnNO  AMD  AKCBCffilHQ  TKS  SEHSITITC  ELEMENT 
In  tb»  defnlopaent  of  any  boloneter  a groat  doal  of 
tino  io  takon  up  in  dotialng  an  approprlata  telomotsr  houalng. 

Ho  djooidod*  thereforo«  to  adopt  tba  Boll  Laboratory  Thomdator 
bousing  ourrantly  manufaoturod  horo  at  tho  Baird  laboratory. 

Tba  base  part  of  this  iBomt  made  of  0.010"  thiok  kovar  fonaod 
In  an  appropriate  prose  to  the  shape  of  an  ineertod  pie  tin. 

Flee  holes  are  punohed  in  the  dlso  to  introduoe  four  oleotrieal 
leads  and  an  esMuation  tube.  The  four  lead  holes  fon>  tho 
oomars  of  a square,  and  the  hole  for  the  punping  tube  is  located 
at  the  geoastrioal  oentsr  of  tbs  square.  The  leads  are  made  fron 
0.040"  diameter  Ko-var  idre.  Tbsse  loads  are  anchored  and  insulated 
from  the  base  by  dropping  a small  glass  beeul  oyer  the  wire  and 
fusing  the  glass  to  both  the  lead  and  base.  The  seals  are  also 
eaeuun  tight.  The  oap  for  thsae  bases  is  made  of  silser  fomsd 
into  the  shape  of  a ov^  Tba  open  snJ  of  the  cup  fits  onto  the 
base  and  may  be  aoldered  in  plaoe.  A hole  of  such  else  os  to 
allow  a Bsmll  shoulder  for  the  window  io  punohed  in  the  other  end. 
Ordinerlly  ailser  ohlorlia  in  used  for  the  window  material.  This 
window  is  sealed  in  plaoe  by  laying  the  ailsor  ohloride  on  the 
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ahoulder  euxi  fuaing  the  portion  of  the  ehlcrids  ta  tne  sil'wr 
ty  iaaertlng  the  sloo^  into  the  ooil  of  an  induction  heater* 

For  long  way  nozic  or^atallina  quarts  naa  used  In  place  of  the 
ail'ver  ohlorida*  In  this  oaee  the  seal  «as  made  vdth  apie'tooe 

«W»  wax* 

The  prohlea  of  mointing  the  substrate  and  seneitiw 
•leoant  uaa  solTOd  in  ao'ieral  aays*  These  aro  disouased  in  the 
order  of  their  trial  * 

The  first  n»thod  invo'.sad  the  uaa  of  a (p.ass  disc  S/8 
of  an  inch  in  diamstor  and  l/l6"  tfaiok.  This  else  diso  fitted 
snugly  on  the  inside  of  the  baae  pine*  A slot  was  out  in  the 
diso  by  sandblastizig  throu^  a rubber  roaek*  TO  of  foot  the  sand- 
blasting a hoisBcia«ia  nossle  aas  fashioDed  by  building  a siaple 
aspirator  into  the  awilable  air  line*  A laatal  tip  placed 
at  the  end  of  the  air  line  with  a free  opening  of  1/3"*  A saall 
metal  tube  eae  fitted  through  a hole  in  the  side  of  tliis  tip  an.' 
soldered  in  plaosT  This  tube  ms  tilted  subtly  in  the  dlreo- 
tion  of  the  escaping  air  stream*  aj  applying  air  pressure, 
oarborundoB  aas  suoked  into  the  tip  and  projected  against  the 
glass*  Tao  hundred  mesh  oarborundus  ms  fomd  suffioiently  fine 
in  grain  sise  to  render  the  edges  defined  by  the  rubber  oask  free 
of  chips*  The  slot  throu^  the  l/l6*  thiok  glass  oould  be  made 
in  about  flea  minutes*  these. slots  mre  toade  about  P*5  ms  in 
length  by  about  1*6  no  In  sddth* 


I 
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Pallotdng  tha  sandblasting,  Hanovla  oil'ver  pasta  «as 
painted  onto  the  disc  rlsi  In  segasnts  sapurated  by  a clear  space. 
SnMtll  si  leer  wires  0.010"  in  dieisster  were  embedded  in  the  ;paste 
and  the  ?)hole  thing  baked  at  about  400°  C.  The  baking  «as  o>)n- 
tlnusd  until  the  glass  under  the  paste  turned  slightly  yellore. 

These  wires  were  thus  firmly  attaohed  to  the  glass  and  subau- 
quantly  served  to  attach  the  disc  to  the  lead  wires  in  the 
housing  base  and  also  to  make  oontaot  with  sensitive  eleiaent. 

Before  attaching  the  diso  to  the  base  the  nitrooellulose 
subetrata,  disoussed  in  Section  II,  was  taken  out  of  the  water 
from  which  it  was  fonnad  and  placed  on  tlie  diso.  The  frame  used 
to  removo  the  zxitrooelluloee  from  the  water  was  bald  free  of 
notion  xmtil  after  the  portion  in  oontaot  with  the  glass  was 
oci^etely  dry.  Ihs  exooss  film  was  then  removed  with  tweesers. 
I^n  drying  the  film  drew  taut  over  the  slot  and  adliered  ti^tly 
to  the  sjrrquiding  glass. 

The  next  operation  involved  the  deposition  of  the  sen- 
sitive elomant.  This  was  done  by  high  vacuum  evaporation.  Tie 
chose  bismuth  metal.  This  ohoioe  t)bs  based  on  previous  experience^ 

7 

on  the  recent  wox^  of  Cxexny,  et  al  and  on  the  faot  that  the 
resistivity  of  bismuth  is  such  that  the  neoessary  ^okness  to 
meet  the  189  ohe/squiare  requirement  is  great  enough  to  ensure 
eleotrioal  stability  but  not  so  thick  as  to  add  greatly  to  the 


® Qovernment  Contraot  OSRD  RO.  6397,  (1949) 

^ Csemy,  H,  Kofink,  TT. , and  Llpport,  Tf. , Am.  der  Physik,  6, 
p.  65  U960) 
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epeoifio  haat  inha  rant  in  tho  nitrooallulose  subeir&te. 

Thb  fllamant  fron  ;f^oh  th«  amporatlon  «as  afftsotad 
«ae  made  of  tantalua  atrip  stock.  A strip  vide  and  S”  long 
vas  dented  in  the  oanter  by  pressing  a bcdl  bearing  against  the 
tantalun  baokad  with  a soft  wood  block.  The  dsnt  thus  romsd 
sarwsd  to  prewant  tbs  bismuth,  upon  melting,  from  rolling  off 
tbs  tantaltn.  Tbs  ends  of  this  atrip  mere  than  anohored  to 
terminal  posts  projecting  abo've  the  base  of  the  waouvca  chamber. 
Imnsdiately  abowa  the  filansot  a horieontal  baffle  plate  was 
attached  to  a wtrtioal  rod  peissing  through  the  base  plate.  In 
praotioe  tbs  baffle  was  plaoed  over  the  filament  prior  to  deposit 
tlcu*  the  gas  pressure  in  tbs  ohamber  was  of  the  order  of 

i<r*  urn  of  E[g  or  better  the  temperature  of  the  filament  was 
raised  until  the  bismuth  mslted  axxi  began  swaporatizig.  It  was 
beliseed  that  in  this  operaticn  much  existing  foreigin  matter  in 
or  on  tl«  surfbcs  of  the  bismuth  waa  drisen  off  but  presented 
from  reaching  the  target  movnted  sertioally  abose.  Following 
this  pora^aution  the  baffle  wae  mosed  to  one  side  of  the  fila> 
ment  and  the  bismuth  allowed  to  oondonse  co  tbs  target  and  a 
resistance  asaeuring  dcriee.  At  the  moment  tho  resistance 
reached  a ealue  oorrosponding  to  189  ohms/square  the  baffle  was 
mossd  back  oeer  tho  filament  thus  terminating  tho  deposition. 

The  target,  in  this  oase  the  bolometer  mouit  with  its 
aeotsspanying  substrate,  was  plaoed  wertioally  above  and  at  a 
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diatanoa  of  cse  foot  froa  the  filazaant*  At  this  dlataxioe,  thitdC" 
saeaa  tail  fond. ty  could  be  axpaotod  over  the  small  areas  in  q>^stion* 
The  aomt  «as  laid  on  a pLeoe  of  thin  brass  (trap  vdn.oh  had  pre* 
riously  been  naohina  slotted*  The  long  direction  of  the  rectangular 
hole  in  the  aotmt  aas  made  parallel  to  the  slot  and  properly  centered 
aith  respeot  to  the  line  parallel  to  and  passing  through  the  center 
of  the  slot*  The  slotted  aaak  served  only  to  defizw  12ie  width  of 
tha  eexultleo  element*  Ths  resistanot*  maauring  do  vice  wae  mountad 
adjacent  to  tho  bolometer  emd  in  the  sane  horlsoctal  plane.  This 
dSTloe  consisted  of  a 1"  square  piece  of  ^ciss  with  silver  oontaete 
on  two  opposite  edges*  Ths  silver  wae  deposited  by  evaporation  and 
by  using  a mask  the  oontaota  were  separated  by  ^***  This  ^ass  was 
then  slipped  into  a small  fixture  fitted  with  spring  slips  to  held 
ths  ^ass  and  tlio  eleotrioal  leads  attaehed  to  insulated  tensinalB 
In  the  bedplate  of  tho  en^rator*  A Simpson  aster  was  used  to 
follow  the  resistanoe  during  the  course  of  the  deposition.  Prom 
the  geometry  of  the  space  between  the  oontaots  the  desired  reslstaiXM 
was  189/4  or  aYtoul  47  ohoe*  Onoe  the  depooitioD  was  terminatsd  by 
swinging  the  baffle  ovwr  the  fllsaszxt,  no  further  ohange  in  resis- 
taxMse  was  deteotod*  Ojpon  eedtting  air  to  the  ohamber  a small 
iaorsase  in  rosistanso  was  noted  oorresponling  to  only  a few  obsis 
per  square* 

How  the  slot  in  the  msek  used  to  limit  the  width  of  the 
sensitive  elsosuta  was  an  inoh  or  so  in  length*  Upon  removing  the 
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glaae  ntoust  from  tha  Yaoaun  ohonber  ths  bdsiauth  ribbon  exteiided 
ovBr  the  TDhole  laojQt.  To  eioJos  the  bolniostor  length  of  the  sen- 
sitiTS  elemint  definite  and  uniform  aorosa  the  width  of  the 
element  it  was  neoessary  to  deposit  ooctaote  at  tlie  ends.  This 
was  aoconplished  by  laying  a strip  across  the  bolometer  eqt«l 
in  Tddth  to  the  desired  element  length  and  evaporating  silver 
on  the  rjmaindar  of  the  znoisit.  This  silver  further  served  as 
a tibucs  )f  attaching  the  lends  from  the  housing  base  to  the  sen> 
sitive  € lement.  Care  was  tolaen  in  the  deposition  of  the  silver 
to  msdoe  It  thick  e::ough  to  ensure  a^dnst  resistive  heating  efaen 
subjected  to  tho  boloiwter  voltage.  V<hen  the  oontaets  are  naide 
insufficiently  thick  excessive  electrical  noise  is  ensured. 

Following  the  deposition  of  the  oontaets  tho  mount  was 
positioned  between  tiia  electrical  lead  pins  of  tho  bousing  bos# 
and  euichcred  by  moons  of  the  small  silvor  wires  previously  attached 
to  the  rim  of  the  glass  disc  with  liaziovla  silver  paste.  In  making 
the  solder  Joints  a small  aioount  of  solder  was  flowed  onto  a pert 
of  each  rilver  bolometer  contaot.  In  this  way  good  oieotrioal 
contact  ".'08  made  between  the  housing  pins  and  the  sensitive  ele- 
ment. The  next  step  was  that  of  testing  the  bolometer  oiiarao- 
teristios.  These  tests  are  disoussed  in  the  folloodng  section  (IV). 
Before  proceeding  to  this  section,  howe-ver,  it  might  be  well  to 
disouss  several  modifioations  in  element  mouat  design. 
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Bssentlolly  these  modifications  in-rol-vud  noa.is  of 
elijninating  the  need  for  the  sandblasted  slot  in  the  mount  disc. 
In  the  f irst  of  these  modifications  O.OIC”  diameter  silver  mres 
-wore  placed  on  a solid  glass  disc  and  separated  by  a distance 
equal  to  the  desired  elamant  length.  Tliose  vjiras  rrers  axichorod 
to  glass  silver  paste.  Tiie  nitrocellulose  substrate  was  laid 
dovm  as  bofora  and  upon  drying  drew  taut  over  the  wires  leaving 
a 0«010”  space  beti^oen  the  glass  and  spacing.  Altho'jsgh  this 
modification  eliminated  the  need  for  sandblasting  a slot  in  the 
glass,  toe  mall  silver  wires  presented  a dangerously  small 
area  for  the  subsequent  evaporated  contacts.  A further  modifi- 
oat].(ni  was  made  by  eliminating  the  glass  altogether.  Instead, 
two  0*040"  diameter  wires  ware  fashioned  in  the  form  of  an  arch 
with  a flat  top*  The  four  ends  M^sre  thien  soldered  to  the  housing 
pizxs,  one  to  each  pin  so  that  the  two  arches  were  parallel  and 
separated  by^a  sx>aolQg  equal  to  the  desired  element  length*  The 
top  of  these  wires  were  thven  filed  down  until  the  wddth  of  the 
flatteneu  wires  was  equal  to  thie  diameter  of  the  origiiial  mre. 
Thias,  a contact  width  of  0*040"  vias  realized*  Al-Uiougli  these 
oodifioations  were  used,  sufiloient  testa  were  not  made  to  affbrd 
adequate  appraisal.  The  latter  modification  was,  hiowsver,  con- 
sidered promising  in  regard  to  simj^iolty* 


\ 

I 

I 

FIG.  1 


a,  b base  and  cap. 

c,  d,  o .....  glass  d.sc,  elownt  over  sandblasted  slot, 
corr.plated  bcloiretor 

r,  g flattened  wire  mount,  element  over  flattened  wires. 

h elen^ent  mounted  oier  round  v.ires  iu  contact 

witn  the  glass. 
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IV.  TESPHG  APPAHAflB  iOfl)  ffilEODS  IHCLtPIKa  K£SH.TS 

TIm  first  naasurcioiiiit  laads  folloslng  the  sauaufaatur* 
of  « tolomstor  «u  that  oaoiooniy  kaown  as  a ooid  reaiataooo  of 
tba  bolometer.  This  is  the  resistaboe  of  the  .bolooster  at  am- 
bient temperature*  A 'fhsiatstoxui  brid-:e  and  ealeanoaeter  setup 

eas  used  tor  this  detemination.  A high  rasistanoe  was  placed 

\ 

in  series  with  the  battery  so  that  a snail  ourrent  of  a ndlli- 
anpere  passed  throng  the  bolonster.  The  resietise  heating  of 
the  senaiti^  element  eaused  by  this  snail  oirnrent  was  negli- 
gible* 

This  sane  apparatus  was  used  in  determining  tbs  re- 
sietanoe  as  a function  of  the  tenpsrature  of  the  element*  Prss 
those  data  the  ooeffioient  of  thoraal  reslstanoe  of  the  elensnt 
was  detersdnod*  The  aotual  bolonster  was  soploysd  for  this  pur- 
pose as  opposed  to  the  indireot  method  of  depositing  a sisdlar 
layer  of  bLanuth  on  a solid  booking  suob  as  ^ass*  The  bolometer 
was  insertsd  In  a test  tube  closed  with  a riibber  stopper*  Copper 
leads  from  the  bolometer  were  hrou^t  out  elong  the  test  tube  snd 
held  in  pleee  by  the  stopper.  Then  the  whole  test  tube  was  plaoed 
in  an  oil  bath  and  the  oil  heated  eery  slowly  with  a bunsen  flane* 
The  oil  Tias  constantly  stirred  during  the  heating  and  a tharnoaetor 
plaoed  adjeoent  to  the  tost  tube*  Tba  tine  required  to  raise  the 
teaperature  of  the  o)  1 from  that  of  the  room  to  110°  C*  was  about 
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thrae  quaxtara  of  an  hour*  Raaistanoa  readings  'aere  made  at  tan 

dagras  intervale  for  SO^  and  100^  C*  A typioa!  ourva  ae  a raeia* 

tanoa  of  funation  of  tamperatura  is  shorm  in  Pig*  2*  I7e  knoar, 

first  of  allf  that  this  eurva  is  not  a straight  line,  showing,  of 

ooursof  Ui4t  the  ooaffieient  cf  thsmnl  rasistai»e  itself  ia  a 

fiaustlon  of  the  tenperatur.**  Saooudly,  the  resistazioe  is  a de« 

eraaeing  fimotion  of  the  tanparatura.  In  liau  of  previous  work 

dona  in  raaklng  boloaeters  hy  ateiporation,  this  negati'se  ralua 

for  the  thermal  ooeffioiant  ie  not  surprising*  Although  the  ooaf- 

flolant  for  bulk  blsauth  is  poeltiva  in  thin  layers  mads  by  vaoutm 

deposition,  an  ihoraasa  in  taoqMrature  apparently  has  the  affeot 

of  orowding  the  pseudo  orystals  olosar  together  • thus  giving  an 

affeotivo  lovper  reelstsnoa*  It  is  believed  that  if  it  ware  poa- 

sibla  to  naasura  rasistanea  as  a fwotlon  of  tamperatura  for  any 

one  of  thasa  ssmll  orystalliae  gloasratas  it  would  be  fouxid  to 

bs  an  Inorsasing  funotionr  The  value  of  the  ooeffloient  of  bis- 

ZMith  for  various  tenperat**res  is  also  shown  in  Fig*  2* 

As  stated  in  a previous  eeotion  of  the  text  it  seeasd 

probable  that  the  nooerioeil  value  of  this  ooeffloient  oould  be 

altered  depending  tqnn  the  method  of  deposition*  By  affsoting 

tbs  deposition  very  rapidly,  lasa  tandanoy  to  or>stallisa  wuuld 

aaem  probable*  An  attempt  wae  made  to  altar  the  ooeffloient  by 

varying  the  rate  of  depositloa  fbr  dlflbrent  bolcsMtera* 

mare  not  sueoaasful  in  ehangiag  the  ooaffioiaxtt  by  any  signifioant 

» 
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amoiunt«  The  sraaii  ohanges  rioted  were  such  tliat  those  oolcHS'bers 
made  by  evaporating  the  nietal  very  rapidly  exhibited  a.  ooeffioient 
less  negative  than  those  inade  by  fast  evaporation,  but  this  nega- 
tive oharacterip-i' c ■y-'J.y  sos'ved  ho  give  a smaller  nmerical  ooof- 
fioiect  making  the  response  of  the  bolometer  smaller.  The  next 
raaasur.'"'  :st  made  on  the  bolometer  vras  that  of  the  response:  Eere 

the  response  is  defined  as  the  RMS  voltage  output  per  peak  to  peak 
watt  input.  The  noise  of  the  bolometer  does  not  enter  into  this 
lasasurerent  unless  it  is  excessively  large,  &ppri>au<iing  in  magni- 
tude thf.t  of  the  bolometer  output  Itself. 

A black  body  radiation  source  was  constructed  us  follows. 

A brass  tube  10”  long  and  2”  in  diameter  was  fitted  vdth  end  plates. 
Through  the  center  of  one  of  these  end  plates  a s”  disimeter  hole 
was  drilled  through  which  the  radiation  vjas  emitted.  Into  the  vail 
of  the  tube  a small  hole  was  drilled  and  a metal  tube  soldered  into 
this  bole  to  aooommodute  a thermometer.  Thin  asbestos  tape  was  then 
wound  aromd  the  large  tube  and  wetted  to  make  it  st;  ck  firmly. 
RiohrovAe  ribbon  was  it  turn  wound  around  the  asbestos  covered  tube 
with  a wire  to  wire  spacing  of  about  Another  application  of 
asbestOE  was  then  made  and  wetted  ae  before.  The  whole  tube  was 
ther.  Inserted  in  an  oven  and  dried  oul.  This  tube  was  then  mounted 
on  a loelal  base  plate  directly  behiud  a diameter  iris.  The 
distance  between  the  iris  and  the  hole  the  cylinder  ’vus  made 
about  3/  4”.  A square  wave  chopper  and  motor  combination  was 
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amount.  Tha  amall  ohangas  noted  were  such  that  those  boloxaatars 
made  by  evaporating  the  metcQ.  vary  rapidly  exhibited  a coefficient 
less  negative  than  those  made  by  fast  evaporation,  but  tins  nega- 
tive churacteristio  only  served  to  give  a smaller  nuaarical  ooef- 
fioient  making  tha  response  of  the  bolometer  smaller.  The  next 
msasure-'ient  made  on  the  bolometer  mas  that  of  the  responss.  Here 
the  response  is  defined  as  the  Rl£  voltage  outpxit  per  peak' to  peek 
watt  input.  The  noise  of  the  bolometer  does  not  enter  into  tills 
msasuremant  tinless  it  is  excessively  large,  appvoachi.r.g  in  magni- 
tude that  of  th?  bol<Baeter  output  iteelf* 

A black  body  radiation  souroo  ‘«as  oonstruoted  as  follows* 

A lirass  tube  10"  long  and  2"  in  diameter  was  fitted  with  end  plates* 
'Throu^  the  center  of  oss  of  these  end  plates  a diameter  hole 
'was  dzd.Iled  thi'ough  which  the  xvidiation  was  emit'ted.  lu'to  the  wall 
of  the  tube  a small  hole  'was  drilled  and  a metal  tube  solderod  into 
this  hole  'to  aocommoda-be  a thermometer*  Thin  asbestos  tape  was  then 
wound  arouad  the  large  tubs  and  we'ttad  to  make  it  stick  firmly* 
Hiohrorao  ribbon  was  it  turn  woind  around  the  asbes'toe  oo-vered  tube 
with  a wire  to  wire  spaoing  of  about  ^"*  Another  application  of 
asbestos  was  'then  made  and  wet'ted  as  before*  The  whole  tube  '«as 
then  inserted  in  an  oTsn  ar.d  dried  out*  'Ihis  tubs  was  then  mo'onted 
on  a metal  base  plate  dix^otly  behind  a -;p”  diameliar  iris.  The 
dls-tazme  be-tween  the  iris  and  the  hole  in  the  cylinder  was  made 
about  3/4"*  A sq'oara  wa-ve  chopper  and  motor  combination  was 
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momtvd  on  this  s&r^  bmsa  pl&be  so  as  to  ohop  ths  radiation  bstaasn 
tbs  iris  plats  and  tha  emitting  hols  oi*  tint  souros*  Ths  radiation 
from  ths  soures  «es  chopped  at  10  oyolas  per  second. 

Tbs  boloMtsr  in  turn  «as  ^aoed  directly  in  frost  of  and 
at  a distanoe  0 from  ths  iris.  Iho  talus  of  C could  be  chosen  at 
will  So  xong  as  the  uolooster  oleaant  itself  saw  only  radiatio!i 
streaoLng  from  ths  bole  in  ths  source.  A sinplo  calculation 
showed  that  any  talus  of  D greater  than  2.2  centimeters  could  bo 
allowed.  Ths  equatioti*  osqploywd  to  calculate  the  energy  incident 
on  the  boloegster  was 


U w 


(1) 


Where  /O  is  tbs  black  body  radiation  constant  timss  the  difference 
in  tha  fourth  power  of  tewperature  of  the  inside  of  the  source  and 
room  temperature.  A is  ths  area  of  the  bolometer  in  square  cent!* 
asters,  R is  the  radius  of  ths  iris  in  centiastsrs,  and  1)  is  ths 

r 

distance  between  tha  iris  and  sensitise  elemsnt. 

Ths  boloawter  was  ooiqiled  to  the  transforasr  of  the  aei- 
plifler  by  uso  of  a square  am  bridgs.  Since  it  was  a nuisance  to 
change  the  ealus  of  the  bridge  resistancee  to  match  TalusB  of  hole- 
Boter  rBsiatanoes,  we  <diose  tbs  shape  of  tbs  bolometer  such  that 
their  rssistanoes  were  of  the  order  of  600  ofans,  thus  snabling  us 


e 


Riel.biqpsr  and  Xszmsrd,  *Iatroduetioa  to  Modsm  Physios* 
MoGraw>BiIl  Book  Company  (1847) 
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ibo  use  a Ixridgs  made  using  BOO  ohm  wound  resistances* 

fhls  hridgei  assembly  was  made  as  eo«apect  as  oon-venient  and 
jdaoed  on  tbs  inside  of  s metal  tube  to  miciicise  the  possibility 
of  pickup.  The  bridge  current  was  supplied  from  a ntcrage  bat- 
tery in  series  «lth  a -variable  resistance  box.  The  current  -bhrough 
the  bclomster  was  de-teimiined  by  measuring  -the  -voltage  across  a 
10  obci  Tjire  wound  resistor  placed  In  series  with  -fche  bolometer. 

Tlie  -vol-tage  drop  aorose  the  bolometer  -was  measured  using  -the  seme 
meter.  From  these  -valuas  of  current  and  -vol-fcage  the  resisbsnse 
was  determined.  The  bridge  was  coupled  to  a -transfarmsr  whose 
primary  iii^dazioe  was  of  the  order  of  500  ohss.  The  outpirt  from 
-the  transfonaer  -was  oonnsoted  to  the  grid  of  -the  first  tube  of  the 
10  oyole  mrrow  band  amplifier.  Tbs  peak  response  of  -this  smpli- 
fier  -was  oentered  at  10  oyclee  with  a bandwidth  of  2 oyoles.  The 
sd^ius-table  gain  control  permitted  a gain  yariation  be-tween  1 and 
SO  times  10^.  The  noise  of  -the  bolcooters  was  measured  for  each 
ouTont  -vaius  with  the  bolometer  capsule  covered  with  a black  card. 
Two  important  observations  were  made.  Ova,  if  the  current  was 
increased,  a point  was  al-ways  reached  at  which  further  increase 
of  current  failed  -to  produoe  an  inorease  in  the  response.  Thie 
was  diis  -bo  the  fact  -that  -the  nuoerioal  -value  of  the  coefficient 
of  thermal  resis-taxioe  is  smaller  for  high  temperatures.  Secondly, 
-the  bolometer  Invariably  beoame  noisy  at  ths  point  of  greatest 
response.  The  -temperature  corresponding  to  -the  point  of  maximoa 


ves-^cnm  appfotxoh  the  temperat^jre  a*  ishioh  the 

holometer  c',^v  -0  out*  In  met  the  current  through  the  boloiaeter 
could  bo  douhI«‘d  v The  beet  signal  to  noise  ratio 

vas  obtained  by  employing  eurrente  of  the  order  of  5 mile  throxsgh 
these  SOO  ohm  bolometers*  The  response  and  noise  measurements 
are  gi'sen  in  Table  x together  with  the  rough  value  of  the  time 
constant. 

The  time  oonstant  was  measured  by  assuming  exponential 
response  and  measxiring  the  shape  of  the  curve*  The  bolometer  was 
coupled  directly  to  a wide  band  cunplifier  and  was  irradiated  by 
pulsss  of  visible  light  about  33  inilliseoonds  apart*  v>Hsrt  the 
output  aignal  was  put  on  the  soope  with  the  horizontal  adjusted 
to  33  square  units  between  pulses,  eaoh  horizontal  square  unit 
represents  one  sdlllseooud*  The  vertical  was  than  adjusted 
so  that  the  peaks  of  the  pulses  were  27  square  uaits  hi^.  The 
time  lag  to  drop  from  27  to  10  units  (that  is,  l/e)  was  read 
directly  in  mLlllseoonds*  The  isroper  <aocuraoy  in  this  method 
was  of  tlie  order  of  ^ milllseoozkl*  The  time  constants  were  be- 
tmen  3 and  4 mllllseoonds  with  the  bolometer  element  in  air  and 


about  20  milliseconds  in  vacuua* 
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RESPOWSE  aNS  I^OISS  OF  TBREH  BISMUTH  BOLOMETEatS 


Bolcaieter  Operating  Element  Resjmnse  Roise 
No.  Current  Resistance  Rms  Volts  Rms  Volts 

(aa)  (ohras)  Peal:  to  2 Band- 

Feak  ITatts  mdth 

1 6.7  460  0.60  3 X 10“® 

2 S.O  680  0.55  4 

8 6.5  520  0.62  3 


The  dimensions  of  the  atoro  boloiseters  iwere  2.7  m 
in  length  by  1 am.  in  widths 

The  operating  temperature  ms  30°  0.  above  room 
temperature.  Any  tamperatu2'e  rise  mds  by  inortvasing  the  cur- 
rent increased  the  zsoise  vathout  an  acconipanying  increase  in 
response. 

The  minimum  detectable  sig^ral  (signal  to  noise)  was 
about  10“®  watts. 
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V,  COHCHBIOH 

We  aan  oo^olvtde  from  the  results  of  our  -work  the.t  bolo- 
zae^rs  can  be  made  possessing  tlio  139  obm  per  square  oharaoteris- 
tio  and  having  sensitivities  within  a factor  of  ten  of  the  vsxy 
best  detectors  used  for  sliort  wave  radiation*  These  bolometera 
of  interiaodiuts  impedance  oan  be  raade  in  a variety  of  sbApes  and 
sixes  the  evaporation  process  and  possess  merit  on  this  acoomt* 
We  believe  that  with  effort  means  could  be  found  iwhereby  the  ooef- 
fieiezit  of  thermal  resistance  oould  be  improved  by  improving  the 
teohziique  used  in  depcslting  the  sensitive  element*  Also,  the 
nitrooellulose  booking  film  be  eliminated  and  an  improved 

backing  made  of  quarts  or  aluDdnan  oxide. substituted  in  its  place* 
Hass*  s msthod  of  naking  alunlmsa  oxide  films  and  Strong*  s nickel 
carbonyl  process  lend  themselves  readily  to  this  thin  pellicle 
development* 
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APEBHDIX  I 

Let  tta  oo&sider  a plane  metal  aheot  of:  thiclcness  d and 

of  Infinite  extent  in  the  plane,  ae  shotnm  in  Fig.  1.  Rciglons 

1 and  3 in  the  figure  are  infinite  dieleotrlo  media  characterised 

2TTri  2Trn» 

hy  the  propagation  constantE  ^ end  k^  s ^ 's^ro  snd 
are  tVie  ordlziary  Indices  of  refractlon»  Region  2 Is  oharaoterizad 
by  the  propagation  constant  Ic^  a 2TT  {'r\  *■  iKj/^.  'When  the  wave- 
length 1.)  suftloiently  long  'r^  end  k are  large  in  comparison  to 
«i.th  unity  and  both  approach  the  value  y cr/zoej. 


riGURR  1 
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This  nay  be  shoii?:a  as  follcms*  Ffoia  eleotronagnetle  i;heory  it  is 
known  that  the  general  relationship  between  the  constants  \ 
and  €*><■  and  o-  is  obteissd  from  the  propagation  constant  k* 

k?  - iia/xvT 

For  this  expression  € is  the  psnsittivity,  ^ the  permeability* 
and  O'  tho  conduotifity  of  tbs  metal*  and  C3  is  the  ar^ular 
frequency  » 2TTfs  The  propagation  constant  for  free  spaoe  is 

k^^  * € ^t 

o o'^o 


Tho  ratio  of  k to  k^  is 

o 


,1K)=  = ^ 

V ^ ' * 


For  ncn-4oagaetio  materials 


/“A' 


and 


"n  - iK  « 


^ ZST* 

'"t-c 


Squaring 


Equating  real  and  imaginary  parts 
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The  solution  of  thess  airoultansoue  equations  yields 


= 


(1- 


CO' 


2 6, 


,2e2'  " 


For  wa-velength  of  the  order  of  miorozis  and  for  tDStallic  inat&rial« 

— t 


co^ 


is  much  larger  tlian  unity  and  Eqs*  (S)  reduce  to 


X = K = J 2coe^ 


To  obtain  the  reflection  and  trasssdssion  coefficients  of  the 
metallic  layer  it  is  nseassary  to  solve  Maxwell's  equations  with 
tlie  appropriate  boundary  oonditioxis.  This  is  a straightforward, 
although  labozious,  task  and  only  the  results  will  be  given  here* 
Details  of  the  deviations  may  bo  found  in  a paper  by 
Eadley  and  Dei:mison^«  The  equations  ossune  that  the  v;av3length 
is  long  and  that  the  layer  is  very  thin*  For  the  ray  polarised 


(5) 


Hadley,  L*  E.. , Dennison,  D.  M«,  Reflection  and  Transmission 
Filtfa*c,  Peart  I,  J®  Op*  Soc*  Ara*,  37  (1947)* 
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nornial  to  ths  plane  of  incidence  we  haw 
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f»  ffd  y~=120liTtf’d 


p a «■  ai^)* 
S s (n-^  - aSj^C)^ 


1 = A - 

when  f - 1;  Is  **  120  TT  ahma,  the  Impedance  of  free 

space*  The  eigiifioanoe  of  is  easily  obtained*  The  reais« 

O G 

tanoe  of  a slab  of  material  L units  long  and  having  a cross 
sectional  area  A is 


r a 


ifi. 

A 


(P  K resistivity  ■ 5=-) 


If  the  shape  of  the  conductor  is  a square  of  side  L and 
thickness  d 

L . _1_ 

*■  ® <Thd  " CTd 

is  ^hen  the  ::«sisteuaco  of  a loetallie  layer  in  units  of  ohms 
per  squai'e.  VIheu  f - 1»  the  resistance  of  the  layer  in  ohms  per 
square  matohas  the  impedanoe  of  free  space  and  f,  in  genoral,  is 
a measure  of  the  resistanoe  of  the  film* 

The  naximua  value  of  the  abiiorption  coefficient  for  each 
polarization  may  ha  found  by  differentiating  the  last  of  Eqs*  (6)  and 
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(7)  and  setting  the  derivative  equal  to  zero.  For  the  perpendicular 
ooniponent  Tie  have 


f = F -t*  6 


For  the  peurallel  conqjonent 

max  P S 


and  the  absorption  in  each  Itase  is 


A » 

nsxji. 


A « 2 S 

gnj^  -tpQj 


,^p  v; 


At  nonnal  inoidenoe  and  tohen  n^  > n^  these  expreosicss  reduce  to 


A =i 
max  ^ 


wiKa  0C4U09  UfUiJUX  1 


R ■ T - i 
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The  value  of  f corraspondlpg  to  this  situation  is  2»  This  znoans 
that 

r ■ i (I20fr)  S 60  ri/a 

m 189  JfX^Q 

A »s«t-allic  filsi  a rosisteinoe  of  189  CiSus/squars  iribsdded  in 

ft  dialeotrio  madium  and  normal  to  the  incident  radiation  will, 
therefore,  reflect  26^  of  the  energy,  transmit  25^2  of  the  energy 
and  absorb  SXS^  of  the  energy  in  the  inoident  wave. 
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APPESDIX 

BOIXMHTSR  x'iitiiUKX 

Tha  atatie  oondltione  of  a boloiootsr  ar«t  described  by 
the  aquatics 

/3«  - l2p  - Y ■ 0 (1) 

fi  Is  called  the  cooling  constant  of  boloinater  and  incorporates 
tl^e  heat  loss  of  the  bolometer  strip  by  radiaticn^  oonduotlon,  and 
oonTSction*  9 is  t!'.e  tentperature  of  the  bolomaHter,  I^F  is  the 
obBiio  heating  of  the  bolometer  and  T is  the  radiation  icoident  on 
the  boloroetar  from  all  of  its  surromdings*  Differentiation  gives 

m9  - I^dR  - HIdl  - dY  « 0 (2) 

These  differentials  sre  not  &11  independent.  Py  definition  the 
temperature  coefficient  of  resistanoe  o<  gives  us 

dR  s Ro(  d9  (3) 

The  eleotrioal  terms  oau  best  be  ascertained  by  the  oon* 
sideivition  of  an  equivalent  electrical  circuit 


£ 


Billings,  B.  H.J,  ^yde,  TV-. 
123  (1947) 


L«,  Barr,  E«,  J. 
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R raprasesfcs  the  holazaeter*  R^  the  load  resistaiioe,  and  S is  a 
oonotant  battery  'voltage*  £ is  proportioxial  to  the  voltage  aorose 
the  irheatstozis  bridge  in  aotual  praotioe,  e represarrts  oflbotive 
voltage  'variatloas  ehieh  result  froa  bolonstar  resistanoe  ohanges 
dR*  dT(t)  is  the  radiation  input  'to  t!>e  boloaeter  - a runotion  of 
tiao*  e^  is  the  effective  noise  voltags.  This  vdll  prizoarily  be 
thsnsal  aeitatioB  noiee*  It  oonsista  of  an  alternating  voltage 
of  approxiaately  constant  amplitude  vdth  Fourier  oonqpozmnts  of 
approziaately  equal  onergy  per  tsiit  frequeney  interval.  It  oannot 
be  assigned  any  specific  frequency* 

Fx'om  this  oirouit  an  ap]4^o^^iOA  of  ohns  las*  yields 


and 


dl  ■ 


E 

(R^t,)* 


dR 


• ■ffTi;- 

If  the  variatiaos  are  considered  eith  respect  to  time  the  dif- 
ferential equa'tdon  (z)  must  also  include  a tern  for  tho  energy 
eiiieh  goes  into  beating  the  boloneter* 

hd  4-  (09  - I*dR  - ZIRdI  - dl  » 0 


h is  now  the  themal  mass,  or  heat  capacity,  of  the  bolometer 
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Coatiining  Eqs«  (S),  (4),  (C),  and  (6)  simi0.1fia8  tMs 
equation  to 


. . f • \ EIBoc  A za  \ . iai«  ^ V « ,r 

v--i7^)  ’-rrs:; 


ffi  ^ 


£31  o( 


(7) 


-)and  (1  •>  } both  have  absolute  -values  less  than  on3« 

Kg  g 

A1ro»  cx  is  so  8I36J.1  that  El « is  aboiifc  one  hundred  times  less 


2S 


theua  /5  so  that  the  thil'd  terra  of  the  diffeirential  equation  is 

much  less  than  the  second.  Segleoting  the  third  terra  for  this 

8 

reason  and  re^cuiing  ■ by  the  letter  C gives 


ii(~)i.;9e  - BCofAY*  0 


•dt 


(8) 


If  the  chopping  is  to  be  aj.nusoldal  then  AT  td.ll  have 
the  value  T oos  cot  as  a function  of  time.  Thus, 

h + fie  - EC«T  ooii  Cit  s 0 (9) 

dt 


This  is  the  equation  of  a forced  osoillatlon  euad  has  the  solution 


•A 


(h2w2 


(10) 


The  mits  of  this  equation,  the  AC  response,  would  be  vnlta  par 
vmtt.  Ebvraver,  since  the  voltage  oon  be  amplified  electro nioelly 
the  equation  does  not  express  the  perforraeuxie  to  be  exfcotsd  from 
the^  boloraeter. 

The  perfoxraanoe  of  any  raeasuring  appfcxratus  is  inually 
best  expressed  as  a signal  to  noise  ratio.  Dividing  the  AC  response 
by  the  noise  givos  tiie  AC  sensitivity  'lAaS.&h  is  a sera  sigaifioant  value* 


p; 
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The  .noise  vdll  be  primarily  from  thsmal  agitation* 

It  is  possible  to  reduce  the  amplifier  noise  to  a sufficiently 
low  ls'^1  so  that  it  can  be  nsglested  in  con^iarison  to  the 
boloneter  noise*  The  noise  from  therma].  agitation 'results  from 
?t;»ltage  genara^d  across  tbs  bolometer  by  the  eleotrons  as 
they  pursue  their  tiiarma'i  motions*  The  -valus  of  this  is  found 
to  be 


RIS£ 


where  k is  Boltsmans  oonstant  and  is  the  bandwidth  obsereed 
aromd  Idie  ohopplng  frequsnoy*  is  the  absolute  temperature 
of  the  bolometer  strip*  This  is  not  the  same  as  6*  0 expresses 

the  tejq>erS:turB  of  the  boloizietsr'  abo^  that  of  the  surrouadings 
for  the  application  of  Benton's  lew  of  heat  flow.  is  much 
larger  than  0 and  differs  from  it  by  a oonstant.  JPor  praotioal 
oaloulation  oan  be  ocusidered  oonstant  and  equal  to  room  - 
temperature* 

nils  '(susdnidth  iiif  oanzK>t  be  made  indefinitely  small 
and  at  best  it  is  given  by  a 'i“iTt,  Mdiare  t is  the  time 
required  for  eaoh  r»s.sure<ment* 

dB«  jCh^cj.^  ♦/32)(4K«aAf)J^ 

It  is  pose.ibl8  to  further  approidmate  the  operation  of  a 
bol<naeter  by  relating  the  beat  oapaoity*  oooling  oonstant.;  and 


(11) 


(i2) 


i 
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rasisiasDoe  in  terms  of  the  ph^ical  dimensionfi  of  V.  lo®step 
Also*  tlie  TOltage  B will  be  limited  by  the  upper  to*-/ 
perature  of  the  bolometer* 

These  relations  are  expressed  in  the  folloid  ig  eque;t$.oQs, 
/^  = ylw 

«har*}  1 is  the  length  of  the  strip*  w its  width*  and  V is  the 
heat  dissi]Ation  per  mit  area*  With  surh  a thin  strip  the 
oonduotion  throu^  the  lead  oonneotlons  may  be  ne^eoted. 

h s Iv  + 

a is  the  tfaiokness  of  the  meteil  layer,  b is  the  thioknoss  of  the 
ZDSiabe’ane  support*  and  and  o are  their  respeoti've  specific  heats. 
Because  « is  about  ten  times  as  great  as  o and  the  thicknesses 
a and  b are  comparable*  the  metallio  contribution  is  neglected* 

If  the  bolwnater  is  not  operating  in  yaoua,  then  there  will  also 
be  a email  contribution  due  to  the  heating  of  the  gas  in  the 
immediate  vioinitj'  of  the  bolometer*  This  small  contribution 
would  be  a fvnotion  of  the  chopping  rate  w and  would  also  be 
related  tc  ^*  but  for  siiqplioity  and  because  it  ehoiild  be 
smell  ;Lt  is  neglected*  Cserny^*  has  expressed  some  doubt  as  to  the 
wslid^lty  of  ths  approzimation* 

R » /ol/ssf 

^ Csemy,  Ann*  fhysik*  8*  65  (1950) 
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^iire  l8  the  reaieti'vity  of  tho 


1 . 

IS  IT- 


? 


ES  {/ip  H)t 


idiere  <p  ie  tba  Mghsst  tolez^bl<3  temperature  of  the  tolcoeter 
strip* 

Oomhlning  B^*  (IS)  through  (16) 


AC  eenaititity  ■ Y ^ 


4ice^iv/if 


IMS  la  as  it  mi^t  be  expected*  The  AC  aenaitltity  is 

R 

csl5*  acpssdent  £ insofar  aa  is  depeodeut  on  it*  Clearly 

R R_ 

9 

£g  ahould  be  mads  small  compared  to  R and  thia  ia  eomeadtat  easier 
elth  large  R*  Ebcs'ver^  not  much  Inoreaas  can  be  expected  in  this 
tern*  It  ie  deairnblo  to  have  a hi^  opei^ting  temperature  but 
this  also  has  a point  of  diiidniahing  rstiorna  vbeu  it  etarta  to 
effect  e^* 

For  high  8cnaitl.vity  a small  area  ia  tdao  in  order*  On 
the  other  hand,  the  incident  radiation  ia  proportional  to  the  area 
in  a region  of  ounatant  flux  making  the  square  root  of  area  dependence 
then  come  in  the  nuoerator*  This  nsans  that  it  is  best  to  ha'se  a 
bolometer  which  is  as  large  but  no  larger  than  the  image  whloii  is 
to  be  measured*  Eten  this  might  not  hold  precisely  undor  certain 
ciroiMctaneea  because  microphonio  noise  miioh  is  apt  to  depend  on 
this  area  might  beooEae  signlfioaat. 
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The  other  a'vailable  -variables  can  be  considered  as  a 
group.  For  naxiiam  results  CJ.  b.  and  o should  be  small  and 
should  eqi»l  produot.  It  is  not  helpful  to  make  o vemall 

since  then  tbs  rats  of  information  will  suffsr.  b is 

oontroll&a  by  the  thinnest  nitroeellulose  mamto^na  telerable  and 
there  is  not  miioh  that  can  be  dons  vdth  the  speoifie  heat  o.  ^ 
can  be  controlled  by  the  gad  pressure  and  the  elosenesL  of  the 
strip  to  the  housing. 
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